Summary: Myelinated nerve fibers of the human abducent nerve were analyzed with a new staining method that permits simultaneous observation of the axon and surrounding myelin sheath. The following equipment was employed for the measurements: an image-analyzing digitizer, a microscope equipped with a drawing tube (or camera lucida), and a computer for data storage and statistical analysis. The numbers, transverse areas, and circularity ratios of axons were measured in 10 human abducent nerves. The average number was 1,997 with a definite decrease with age, and the Several studies on the number and size of fibers in the human abducent nerve have been conducted, but to our knowledge, these studies have not dealt with age-related changes in the abducent nerve. The aim of the present study was precisely to investigate these changes through an analysis of transverse area, number and shape of axons.
Several studies on the number and size of fibers in the human abducent nerve have been conducted, but to our knowledge, these studies have not dealt with age-related changes in the abducent nerve. The aim of the present study was precisely to investigate these changes through an analysis of transverse area, number and shape of axons.
Material and Methods
Small sections of the abducent nerve situated in the subarachnoid space were removed from 10 human cadavers (4 males and 6 females) aged 63-88 years (average age: 74.7 years). The causes of death had no direct or indirect influence on the nervous system, so the abducent nerves were considered to be normal.
Fixation: The fixation procedure consisted of two steps as follows: (1) Primary fixation: the material was kept in 3.7% formaldehyde for at least one week. (2) Secondary fixation: the material was immersed in a mixture of 5% potassium dichromate and 5% potassium chromate (1:4 in volume) for three weeks (two weeks at room temperature, and a further week at 37 °C). The volume of fixative was at least ten times the volume of the specimen.
Washing: After fixation, tissue blocks fitted with a nylon-mesh bag or a plastic tissue-basket were washed in running water with siphon-operated automatic pipette washer for several hours.
Dehydration and celloidin embedding: The tissue blocks were dehydrated with ethanol at 50%, 70%, 90%, 95% and pure, and were then embedded in celloidin. The shrinkage of nerve tissue sections during fixation and embedding amounted to approximately 10% in length.
Sections: The blocks were sectioned transversely into 20 p.m thick slices.
Staining: The sections were stained with LPH triple stain (Luxol fast blue-periodic acid-Schiffhematoxylin staining). For more details, see the reference section (Goto, 19875) was selected. Highly enlarged images (1,600 times, with oil immersion) of a square eyepiece grid were selected to count the myelinated axons and to measure the transverse are and perimeter of axons: the area covered was 0.016 x 0.016 mm2. We employed (a) a microscope (BH2, Olympus, Tokyo, Japan), enquipped with a drawing tube (BH2-DA, Olympus, Tokyo, Japan), (b) a digitizer (Crystizer a KC 3300, Graphtec, Yokohama, Japan) and an analyzing system software (original programming), and (c) a computer (PC-9801 VX2, NEC, Tokyo, Japan) for storing data on-line, calculation and statistical analysis. We present the data from every decade age group as the mean value ± standard deviation (SD). The data were statistically examined by analysis of variance (ANOVA). We used the linear regression analysis in order to determine the relation between (a) age and (b) number, average area, total area, average perimeter and total perimeter of axons, respectively (Scheffe's multiple comparison test). The significance in the present study (except for numbers) was assumed at the level of p < 0.05 for statistical analysis.
Results

Numbers of Nerve Fibers
The number of fibers in the abducent nerve ranged from 1,473 to 2,638 (mean + SD, 1,997 +432, Table 1 ). Most fibers were myelinated (Fig. 1 ). There were no differences in numbers and distribution of fibers among various sampling sites in each individual. The number of nerve fibers decreased markedly with age ( Table 1) .
Size of Nerves and Axons
The transverse areas of the abducent nerves ranged from 87,847.7 to 273,200.3 grn2 (182,453.9 + 66,169.8 1=2, Table 1 ). The transverse areas of the axons ranged from 3.04 to 5.15 tim2 (3.90 + 0.76 gm2, Table 1 ). There were no differences in distribution among sampling sites in each subject.
Discussion
In the present study, the number of fibers in the abducent nerve ranged from 1,473 to 2,638 (mean, 1,997). Although this result is comparable to those of earlier studies"), these dealt with smaller numbers of subjects. We, on the other hand, examined material from 10 subjects ranging in age from 63 to 88 years. Furthermore, we found a correletion which has not been reported in earlier studies between age and the number of axons: the number definitely decreases with age.
Matsuno et al. 6) reported that the diameter of the abducent nerve ranged from 1.0 to 1.8 mm (mean 1.4 mm) at the level of the basal cistern. Its length within the cistern ranges from 13 to 21 mm (mean 17 mm). They determined the size of fibers of the abducent nerve by measuring the internal diameter of the myelin sheath. They reported the average diameter of the abducent nerve to be 6.10 + 0.60 gm. However, the diameter and shape of the axon may not accurately reflect those of the myelin sheath itself. We observed a thin gap between the axon and the myelin sheath in many nerve fibers. This gap might be an artifact of specimen preparation. Except for a study by Fujii et al.') on agerelated changes in the facial and vestibulocochlear Table 1 nerves, no other reports concerning the size of axons have been published. Their study is therefore important for the analysis of nerve fiber axons.
Relatively few studies have been conducted on the size of nerve fiber axons. One possible reason could be that what was measured was the diameter of the myelin sheath rather than the axon itself, since discriminate staining of the axon and myelin sheath for light microscopic observation used to be impossible. Another reason could be that improvements in electron microscope procedures have contributed little to quantitative analysis of nerve fibers.
Several studies4'9'11'12) have shown age-related changes in other nerves. For example, Fujii et al. reported that the number of axons in the facial nerve decreased with age, although the transverse areas and circularity ratios do not. Previous studies on the vestibulocochlear4) nerve and deep peroneal nerve) indicate that the transverse axonal area of the cochlear or deep peroneal nerve decreases with age, while the number of vestibular nerve fibers does not. Our findings, however, were totally different. We found that in the case of abducent nerves, although the numbers of axons decrease with age, the transverse areas do not.
The methods used in the present study differed from those of previous studies in several ways. First, we directly measured transverse areas of axons of the abducent nerve after confirming the presence of axons and surrounding myelin sheaths under the microscope. Secondly, the new staining method, LPH5), adopted for this study permitted every structure (e.g., axon, myelin sheath, nucleus, nucleolus, Nissl's bodies, connective tissue, amyloid bodies, lipofuscin granules, and vessels) to be easily recognized. Thirdly, we used an image-analyzing digitizer, a microscope equipped with a drawing tube, and computer for storing data and performing statistical analyses. Our techniques greatly simplified analysis and allowed the areas of irregular shapes to be measured accurately.
As mentioned earlier, we found that the number of fibers in the abducent nerve decreased with age, while the transverse axonal areas of the abducent nerve did not. This result may indicate that the weakness of the abducent nerve is not related to aging. Fujii et aL suggested that presbyacusis might be due to a reduction in axonal area in the cochlear nerve in older people. In the facial nerve, however, the transverse area of axons does not decrease with age, although the number of axons do. This study shows that, as Takeshita et al. first suggested, the aging process in nerves composed mainly of motor fibers, such as the abducent, oculomotor, or facial nerves, differs from that of nerves such as the vestibulocochlear nerve which are composed mainly of sensory fibers. 
